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Human metapneumovirus (hMPV) is associated with acute respiratory tract disease especially in young
children. Using a quantitative real-time TaqMan PCR, we analyzed the replication kinetics of hMPV in
different cell lines. Our results indicate that hMPV replicates slightly more efficiently in LLC-MK2 than in
Vero cells and poorly in HEp-2 cells.

The human metapneumovirus (hMPV) is a newly discovered
member of the family Paramyxoviridae responsible for acute
respiratory tract infections in young children, elderly patients,
and immunocompromised hosts (4, 12). This negative-sense
RNA virus, which can be classified into two genotypes (A and
B) (1, 3, 9, 10), has been preliminarily assigned to the genus
Metapneumovirus within the subfamily Pneumovirinae (11).
The clinical syndromes associated with this viral infection en-
compass mild respiratory problems and acute wheezing as well
as bronchiolitis and pneumonia (4, 5, 8, 13). Serological studies
from The Netherlands and elsewhere have indicated that vir-
tually all children are infected by the age of 5 and that hMPV
has been circulating in humans for at least 50 years (7, 12, 14).

hMPV was only recently identified due to its slow growth in
a few permissive cell lines, notably tertiary monkey kidney
cells. The viral cytopathic effects (CPE) may vary from syncytia
resembling those caused by human respiratory syncytial virus
to rounding of refringent cells with subsequent detachment
from the monolayer. Since some reports have suggested that
hMPV might also replicate efficiently in HEp-2 (6) and Vero
cells (1), we sought to analyze the replication kinetics of hMPV
in different cell lines using a quantitative real-time PCR assay.

Specimens and cell lines. Frozen (�80°C) nasopharyngeal
aspirates collected from young children in 2002 (5) were inoc-
ulated in 24-well plates on the continuous human laryngeal
carcinoma (HEp-2), African green monkey kidney (Vero), and
rhesus monkey kidney (LLC-MK2) cell lines. The infections
were made with 100 �l of previously reported hMPV PCR-
positive specimens (5) (in triplicate) in 1 ml of Opti-MEM I
medium (Invitrogen GIBCO, Burlington, Ontario, Canada)
containing 2 �g of trypsin (Sigma, Oakville, Ontario, Canada)
per ml and antibiotics. Plates were incubated at 37°C with 5%
CO2 and examined for CPE every other day for 22 days. At the
time of each of those examinations, an aliquot of 200 �l of cell
culture supernatant was collected and frozen at �80°C, and
then the culture was replenished with an equal volume of fresh
medium containing 5 �g of trypsin per ml.

RNA extraction and cDNA synthesis. Viral RNA was ex-
tracted from 200 �l of infected cell culture supernatants by
using a QIAamp viral RNA minikit (Qiagen, Mississauga, On-
tario, Canada) according to the manufacturer’s protocol and
then eluted into a final volume of 40 �l. cDNA was synthesized
by using 10 �l of RNA eluate, random hexamer primers (Am-
ersham Pharmacia Biotech, Baie d’Urfé, Québec, Canada),
and an Omniscript reverse transcriptase kit (Qiagen) according
to the manufacturer’s instructions.

Real-time PCR. The real-time quantitative PCR for hMPV
was developed in a LightCycler instrument (Roche Diagnos-
tics, Laval, Québec, Canada). The primers and TaqMan probe
for the L (polymerase) gene of hMPV were based on the
sequence of the prototype strain 00–1 from The Netherlands
(GenBank accession number af371337). The sequences were
as follows: forward primer, 5�-GTTGCCATAGAGAATCCT
GTTA-3�; reverse primer, 5�-CCAATTACTAAACCAATTG
CTTACCCA-3�; and TaqMan probe, 5�-(6-FAM)CGAGCA
TGTTAGACTCAAAAATGCA(TAMRA-PH)-3�. Each 20-�l
reaction mixture included 2 �l of cDNA and 18 �l of a reaction
mixture containing 4 mM MgCl2, 0.4 �M hMPV primer (each),
0.6 �M TaqMan probe, 2 �l of the LightCycler hybridization
probe mixture (Roche Diagnostics), and 0.6 �l of dimethyl
sulfoxide. Cycling conditions included a 30-s denaturation step
at 95°C and then 60 PCR cycles consisting of 5 s at 95°C, 5 s at
56°C, and 25 s at 72°C. Fluorescence measurements were per-
formed at each cycle (at the end of amplification) in the F1
channel, and a threshold cycle value for each sample was cal-
culated by determining the point at which the fluorescence
exceeded a threshold limit. For quantification, a standard
curve was constructed using serial dilutions (from 102 to 109

copies) of a transcribed hMPV plasmid. The quantitative real-
time PCR assay for hMPV had a lower limit of detection of 100
copies, with intra- and interassay coefficients of variability of
18.7 and 19.6%, respectively, when 104 copies of the hMPV
plasmid were used.

Table 1 summarizes the replication kinetics of five hMPV
strains based on CPE development and quantitative real-time
PCR. Of the five nasopharyngeal aspirate specimens tested, all
showed CPE on LLC-MK2 cells, three showed CPE on Vero
cells, and none showed CPE on HEp-2 cells. The CPE ob-
served on LLC-MK2 cells consisted of round refringent cells
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FIG. 1. Replication kinetics of five hMPV strains over a period of 22 days as determined by real-time PCR on three cell lines. Data are mean
viral loads (number of copies per 200 �l of supernatant), and error bars indicate standard deviations for strains with at least two positive replicates.
Note that the y-axis scales are different for the three cell lines.

VOL. 43, 2005 NOTES 489



with subsequent detachment from the monolayer and clusters
of small syncytia. In contrast, the CPE on Vero cells was
indistinguishable from that caused by other viruses (e.g., en-
teroviruses) and consisted of cell rounding and death. Initial
CPE appeared sooner on LLC-MK2 than Vero cells for almost
all strains, as well as maximal CPE (Table 1).

Using real-time PCR, hMPV RNA was detected in five of
five, four of five, and two of five samples from supernatants of
LLC-MK2, Vero, and HEp-2 cells, respectively. Peak hMPV
RNA load was detected at a slightly earlier time in LLC-MK2
cells for four strains, whereas maximum detection occurred
simultaneously in LLC-MK2 and Vero cells for the other strain
(Table 1). Peak viral loads were higher in supernatants of
LLC-MK2 cells for three strains whereas, Vero cells had
higher loads for two strains. For one strain (specimen 91728),
hMPV RNA was detected even though no CPE was observed
on Vero cells, as it occurred on HEp-2 cells for the two positive
strains. Maximum CPE corresponded mostly to maximum viral
load for LLC-MK2 and Vero cells. HEp-2 cells supported only
low and variable RNA replication for two strains without an
evident peak in viral load, as found in LLC-MK2 and Vero
cells (Fig. 1).

LLC-MK2 cells allow slightly more consistent viral replica-
tion than Vero cells, as shown by the fact that more strains
exhibited both earlier and maximum CPE. In addition, repli-
cation kinetics were better in three of five (60%) strains when
real-time PCR was used, although viral load was sometimes
higher in Vero cells. As reported previously (2, 12), the addi-
tion of trypsin allowed faster development of CPE in both
LLC-MK2 and Vero cells (data not shown). HMPV detection
in HEp-2 cells based on visualization of CPE appears inade-
quate. Moreover, HEp-2 cells do not permit efficient and sus-
tained viral replication in our study, contrasting with previous
data (6). This could be due to early cell death when these cells
are kept confluent for �1 week. There are some limitations to
our study. First, only hMPV group A strains were evaluated,
and thus, the replication kinetics of group B strains remain
unknown. Second, there was some variability in viral load as-
sessment and CPE development between different replicates of
the same specimen (Table 1). This may be related to extended
freezing of some samples.

In conclusion, our results indicate that hMPV replicates
slightly more efficiently in LLC-MK2 than Vero cells but much
more poorly in HEp-2 cells, based on CPE development and
viral load measurement. These findings should be confirmed by
testing a larger number of clinical specimens and additional
cell lines. Nevertheless, neither cell line tested in our study

allows a timely detection of this important respiratory patho-
gen in a clinical setting. Future research should be aimed at
comparing the performance of different laboratory methods
(real-time PCR, antigen detection, and cell culture) for the
accurate and rapid diagnosis of hMPV in various clinical spec-
imens.
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TABLE 1. Replication kinetics of five hMPV strains in three cell lines

Clinical
specimen

No. of replicates with CPEa (days to onset of CPE)/total Maximum hMPV viral loadb (days to peak viral load)

LLC-MK2 Vero HEp-2 LLC-MK2 Vero HEp-2

85126 3/3 (8–12) 3/3 (16) 0/3 7.5 � 108 (18) 6.6 � 104 (20) 5.9 � 105 (6)
85525 3/3 (8–10) 3/3 (8–10) 0/3 3.2 � 108 (14) 5.2 � 108 (16) 1.1 � 106 (14)
85728 1/3 (14) 1/3 (16) 0/3 6.0 � 108 (20) 3.4 � 109 (20) 0
91728 1/3 (8) 0/3 0/3 8.0 � 108 (18) 8.6 � 107 (20) 0
91749 2/3 (10–12) 0/3 0/3 5.5 � 108 (16) 0 0

a CPE obtained from three replicates of nasopharyngeal samples.
b Mean copy number per 200 �l of supernatant from positive replicates.
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